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Pastured pigs are vulnerable to Trichinella spiralis in-
fection through exposure to wild reservoir hosts. To evalu-
ate the potential impact of the expanding production of pork 
from pasture-raised pigs, we mapped locations of T. spiralis 
occurrence and pastured-pig farms in the United States. 
Twenty-eight farms were located within 50 km of previous 
infection.
T
he incidence of Trichinella spiralis infection in humans 
and swine has declined markedly in North America 
over the past 20 years; however, sporadic outbreaks still 
occur (1,2). The importance of sylvatic reservoir hosts in 
the persistence of T. spiralis infection risk is well-docu-
mented, even in countries that have made substantial gains 
in controlling the infection in swine (2–5); T. spiralis in-
fection has been recently demonstrated in foxes in Ireland, 
where no pig infections had been identiﬁ  ed for 30 years, 
(6). The outdoor rearing of pigs is a major risk because 
of increased exposure to sylvatic and synanthropic hosts 
(2–10). Transmission of T. spiralis from infected farm pigs 
to synanthropic (e.g., rats, cats, raccoons) and local sylvatic 
animal populations also occurs (3,11).
Pastured-pig operations in the United States have ex-
perienced substantial growth in recent years. The number 
of pigs reared in organic livestock operations, which by law 
must pasture pigs for at least some part of the day, rose 
from 1,724 in 2000 to 10,018 in 2005 (12). An even larger 
number of pigs (>100,000) are now being reared nonor-
ganically on pasture and marketed as “pastured, humane, 
or free-range” pigs. (See below for source of information.) 
Because of the sporadic occurrence and distribution of out-
breaks, and the lack of routine monitoring, the impact of 
this increase on the risk for T. spiralis infection for pastured 
farm swine is unknown. We report the use of geographic 
information system (GIS) methods to locate potential high-
risk foci to facilitate targeting of surveillance for domestic 
pig infections, similar to the recent study identifying areas 
of risk for fascioliasis (13).
The Study
Two Trichinella databases (All Hosts and Domestic 
Pig) were compiled by using literature published over the 
past 60 years (full list of references provided on request 
from kdmurrell@comcast.net) and Trichinella isolate re-
cords from North America, maintained at the International 
Trichinella Reference Center in Rome (www.iss.it/site/
Trichinella). The All Hosts database contains records on 
T. spiralis infections in wildlife, including synanthropic 
species such as rats, cats, skunks, and foxes. The second 
database, Domestic Pig, contains records on T. spiralis 
from domestic pigs. The sylvatic species T. nativa and T. 
murrelli, which occur in North America, are not infective 
for pigs (Sus scrofa). T. pseudospiralis, which has low in-
fectivity for pigs, has been reported only from a vulture 
and from a wild boar in North America, but because of the 
wide range of the former species (12,000–18,000 ha) and 
the location of wild boars >150 km from a known pastured-
pig operation, we excluded this species from our analysis. 
When latitude and longitude data on host collection sites 
were not available, we approximated the locations using 
the coordinate points of the closest town to the collection 
site. From the 201 T. spiralis records that were collected, 
54 were selected for mapping (37 wildlife hosts and 17 do-
mestic pig infections). Other records were eliminated either 
because of vague descriptions of location or because they 
could not be conﬁ  rmed as T. spiralis rather than a sylvatic 
species. The infected sylvatic hosts included black bear 
(Ursus americanus), raccoon (Procyon lotor), opossum 
(Didelphis virginiana), feral pig/wild boar (Sus scrofa), red 
fox (Vulpes vulpes), gray fox (Urocyon cinereoargenteus), 
feral cat (Felis catus), striped skunk (Mephitis mephitis), 
coyote (Canis latrans), and mink (Neovison vison). With 
the exception of black bears, these wild animals are poten-
tially synanthropic hosts and transfer T. spiralis between 
the sylvatic and domestic habitats (2–5).
A third database was created for US farms that raise 
organic or nonorganically pastured swine. We obtained 
these data by searching the Internet using the keywords 
“pasture,” “pork,” and “organic” for farms producing and 
marketing pork through the Internet. The latitude/longitude 
coordinates from town and state data were determined by 
using the website www.zipinfo.com/search/zipcode.htm.
The databases were converted into map layers within 
ArcGIS (Environmental Systems Research Institute, Red-
lands, CA, USA). A basic political boundaries map served 
as the base map. The western United States is not shown 
in Figure 1 because the main areas with frequent reports 
of wild animal and domestic pig T. spiralis infections 
and a prominent pastured-pig industry are the Northeast/
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an enlargement of the Midwest area to illustrate the abil-
ity to more precisely locate risk locations (county level). A 
GIS analysis, using a program in ArcGIS, was performed 
to measure the distance between pastured-pig farms and 
historical occurrences of T. spiralis in domestic pigs and 
wildlife. The program calculates a distance between each 
pastured-pig farm and the nearest T. spiralis point on the 
map and was run 3 times using the following variables: 1) 
T. spiralis in domestic pigs, 2) T. spiralis in wildlife, and 3) 
T. spiralis in both pigs and wildlife (Table).
Of the 332 pastured-pig farms mapped, 28 are located 
within 50 km of documented T. spiralis in domestic pigs 
or wildlife; 6 of these farms are within 50 km of locations 
with both pig and sylvatic T. spiralis infections. An addi-
tional 48 pastured-pig operations are within 100 km of T. 
spiralis infection locations.
Conclusions
Using GIS methods to analyze the risk for T. spira-
lis infection associated with the expansion of pastured-pig 
production, we identiﬁ  ed farms that may be at high risk 
for the introduction of infection into pigs from reservoir 
hosts. We base this on the fact that the transmission of T . 
spiralis into sylvatic hosts from infected farms can lead to 
persistence in reservoir hosts (2,3) and remain a long-term 
threat to domestic pigs exposed to such hosts in a pasture/
dry lot environment (2–11). The number of pastured-pig 
farms and records of T. spiralis infections are highest in the 
Northeast and Midwest. Figure 2 demonstrates the ability 
through map enlargement to identify associations at the lo-
cal level. In Illinois and Indiana, at least 10 farms within 50 
km of previous T. spiralis infection in pigs or sylvatic hosts 
could be identiﬁ  ed at the county level. The distances be-
tween pastured farms and the locations with recorded foci 
of T. spiralis in wild animals or domestic pigs used in the 
analysis (Table) are based on the general home ranges for 
the host species (14). For example, raccoons may range up 
to 3–10 km2, red foxes 2–10 km2 (with male dispersal up to 
80 km2), and coyotes up to 50–70 km2.
These ﬁ  ndings should increase the awareness of pas-
tured-pig producers and state veterinary and public health 
agencies of this potential problem. Targeted surveillance 
and management prevention programs need to be estab-
lished in high-risk areas. The use of GIS tools could also 
help researchers to conveniently locate transmission foci to 
investigate the measures needed to prevent infection of out-
door-reared pigs. The database we created on pastured-pig 
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Figure 1. Locations of pastured-pig operations (green dots) 
and previous records of Trichinella spiralis in domestic pigs (red 
squares) and wildlife (red triangles), United States. 
Table. Distances of current pastured-pig operations to locations with past occurrences of Trichinella spiralis in domestic pigs or wildlife, 
United States 
Distance to T. spiralis
infection site and farms, km 
Farms near locations of  
T. spiralis in domestic pigs 
Farms near locations of 
T. spiralis in wildlife 
Farms near locations of T. spiralis
in both pigs and wildlife  Total 
19–50 6 16 6 28
51–100 7 21 20 48
Figure 2. Pastured-pig operations (green dots) and previous records 
of Trichinella spiralis in domestic pigs (red squares) and wildlife (red 
triangles), Illinois and Indiana.Swine Trichinella Infection and GIS
operations is undoubtedly an underestimate of risk because 
of a lack of a national centralized reporting system for these 
rearing systems. Furthermore, the infection records are not 
from a national prevalence survey, which is lacking, but 
were complied from publications of local surveys and out-
breaks (convenience samples). The bias from this method 
does not, we believe, detract from the objective to intro-
duce the use of GIS tools for identifying foci with potential 
for T. spiralis transmission in outdoor pig-rearing systems. 
Identiﬁ  cation of such foci would provide the opportunity 
to investigate transmission among wild animals and pigs 
in agro-ecosystems and the variables that inﬂ  uence trans-
mission, such as climate, pig farm size, herd size, and pig 
exposure.
This work was carried out in the Department of Preventive 
Medicine and Biometrics, Uniformed Services University of the 
Health Sciences.
At the time of this study, Dr Burke was a student in the Mas-
ter’s in Public Health program at the Uniformed Services Univer-
sity of the Health Sciences. Currently, she is a laboratory animal 
medicine resident at the US Army Medical Research Institute for 
Infectious Diseases at Ft. Detrick, Maryland.
References
  1.   Roy SL, Lopez AS, Schantz PM. Trichinellosis surveillance—Unit-
ed States, 1997. MMWR Surveill Summ. 2003;52:1–8.
  2.   Pozio E, Murrell KD. Systematics and epidemiology of Trichinel-
la. Adv Parasitol. 2006;63:367–439. DOI: 10.1016/S0065-308X
(06)63005-4
  3.   Murrell KD, Stringfellow F, Dame JB, Leiby DA, Duffy C, Schad 
GA.  Trichinella spiralis in an agricultural ecosystem. II. Evi-
dence for natural transmission of Trichinella spiralis spiralis from 
domestic swine to wildlife. J Parasitol. 1987;73:103–9. DOI: 
10.2307/3282352
  4.   Worley DE, Seesee FM, Zarlenga DS, Murrell KD. Attempts to 
eradicate trichinellosis from a wild boar population in a private 
game park (USA). In: Campbell WC, Pozio E, Bruschi F, editors. 
Trichinellosis. Proceedings of the Eighth International Conference 
on Trichinellosis. Ovieto, Italy. Rome: Instituto Superiore di Sanita 
Press; 1994. p. 611–6.
  5.   Doby PB, Murrell KD. Illinois Trichinellosis Control Program. In: 
Tanner CE, Martinez-Fernandez AR, Bolas-Fernandez F, editors, 
Trichinellosis. Madrid: Consejo Superior de Investigationes Cienti-
ﬁ  cas Press; 1989. p. 432–8.
  6.   Rafter P, Marucci G, Brangan P, Pozio E. Rediscovery of Trichinel-
la spiralis in red foxes (Vulpes vulpes) in Ireland after 30 years of 
oblivion. J Infect. 2005;50:61–5. DOI: 10.1016/j.jinf.2004.02.004
    7.    Gamble HR, Boireau P, Kockler K, Kapel CMO. Prevention of 
Trichinella infection in the domestic pig. In: Dupouy-Camet J, Mur-
rell KD, editors. FAO/WHO/OIE guidelines for the surveillance, 
management, prevention and control of trichinellosis. Paris: World 
Organisation for Animal Health; 2007. p. 99.
  8.   Gamble HR, Brady RC, Bulaga LL, Berthoud CL, Smith WG, Det-
weiler LA, et al. Prevalence and risk association for Trichinella in-
fection in domestic pigs in the northeastern United States. Vet Para-
sitol. 1999;82:59–69. DOI: 10.1016/S0304-4017(98)00267-2
  9.   Nockler K, Kapel CMO. Detection and surveillance for Trichinella. 
In: Dupouy Camet J, Murrell KD, editors. FAO/WHO/OIE guide-
lines for the surveillance, management, prevention and control of 
trichinellosis. Paris: World Organisation for Animal Health; 2007. p. 
69–97.
10.   van der Giessen J, Fonville M, Bouuknegt M, Langelaar M, Vollema 
A. Seroprevalence of Trichinella spiralis and Toxoplasma gondii in 
pigs from different housing systems in The Netherlands. Vet Parasi-
tol. 2007;148:371–4. DOI: 10.1016/j.vetpar.2007.06.009
11.   Leiby DA, Duffy CH, Murrell KD, Schad GA. Trichinella spiralis 
in an agricultural ecosystem: transmission in the rat population. J 
Parasitol. 1990;76:360–4. DOI: 10.2307/3282667
12.   United States Department of Agriculture. Economic Research Ser-
vice (ERS), Data Sets, Organic Production. Table 5: certiﬁ  ed organic 
livestock. Data on cows, pigs, sheep, chickens and other poultry, 
by state, 1997 and 2000–2005 [cited 2007 Mar 21]. Available from 
http://www.ers.usda.gov/Data/Organic/index.htm#tables
13.   Tum S, Puotinen ML, Skerrat LF, Chan B, Sothoen S. A geographic 
information system for mapping the risk of fascioliasis in cattle 
and buffaloes in Cambodia. Vet Parasitol. 2007;143:364–7. DOI: 
10.1016/j.vetpar.2006.08.033
14.   Wilson DE, Ruff S. The Smithsonian book of North American mam-
mals. Washington: Smithsonian Institution Press; 1999.
Address for correspondence: K. Darwin Murrell, Department of Preventive 
Medicine and Biometrics, Uniformed Services University of the Health 
Sciences, 4301 Jones Bridge Rd, Bethesda, MD 20814, USA; email: 
kdmurrell@comcast.net
  Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 7, July 2008  1111 
The opinions expressed by authors contributing to this journal do 
not necessarily reﬂ  ect the opinions of the Centers for Disease Con-
trol and Prevention or the institutions with which the authors are 
afﬁ  liated.